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Abstract. - Sidi Salem dam (Northern Tunisia) hosts two introduced predatory fish species: the pike-perch, 
Sander lucioperca, and the catfish, Silurus glanis. We examined the stomach contents of 162 S. glanis and 547 
S. lucioperca specimens sampled along two years from four different stations in the dam reservoir. Both species 
were found to feed mainly on teleost fishes, with the cyprinids Sarmarutilus rubilio and Scardinius erythroph- 
thalmus as the main preys. One species of crustacean and insect larvae were found to be occasionally consumed. 
The comparison of vacuity index revealed differences only between juveniles and adults of 5. lucioperca collect¬ 
ed in the upstream station during winter. Considering the diet composition, no significant difference was found 
depending on age, sex, seasons and stations in each species. Finally, the two predators display the same diet. 
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Resume. - Comparaison du regime alimentaire du sandre, Sander lucioperca (Linnaeus, 1758), et du silure, 
Silurus glanis Linnaeus, 1758, dans la retenue du barrage de Sidi Salem (Tunisie). 

La retenue du barrage de Sidi Salem, en Tunisie, heberge deux especes carnassieres predatrices, le sandre, 
Sander lucioperca et le silure, Silurus glanis. L’examen du contenu stomacal de 162 specimens de silure et de 
547 specimens de S. lucioperca a ete effectue durant deux annees dans quatre stations. Les deux especes se 
nourrissent principalement de cyprinides Sarmarutilus rubilio et Scardinius erythrophthalmus. Une espece de 
crustaces et des larves d’insectes sont aussi consommees occasionnellement. La comparaison des indices de 
vacuite montre une difference significative seulement entre les juveniles et les adultes de sandre de la station 
amont pendant l’hiver. Aucune difference n’a ete observee dans le regime alimentaire, que ce soit suivant Page, 
la saison, le sexe ou la station. Finalement les deux especes Sander lucioperca et Silurus glanis ont le meme 
regime alimentaire. 


In order to extend local Tunisian freshwater fish com¬ 
munities and create a commercial fishery activity, various 
European fish species have been introduced into freshwater 
reservoirs in the 60s and 90s through a Tunisian-German 
cooperation project (GTZ). The project has significantly 
enhanced the Tunisian freshwater fisheries (Losse et al., 
1991). In Sidi Salem reservoir, which is the largest dam in 
Tunisia, 13 fish species, both native and introduced, were 
reported in 1990 (Tab. I and references therein), including 
the pike-perch, Sander lucioperca (Linnaeus, 1758), and the 
catfish, Silurus glanis Linnaeus, 1758. These two predator 
fishes, introduced in 1990, have found optimal conditions 
for their growth and reproduction in Sidi Salem reservoir 
(M’hetli, 2001; Djemali, 2005; Boughedir, 2006; Mili et al., 
2016). For instance, the growth performance of S. lucioper¬ 
ca in Sidi Salem reservoir was reported to be better than that 
observed in Lake Feldberger Haussee in Germany (Wysu- 
jack et al., 2002). Thus, their population have rapidly grown 


as evidenced by instant weight biomass estimations using 
echo-prospection: 75 tonnes of S. lucioperca and 1.9 tonnes 
of S. glanis in 2001 (Djemali, 2005). The S. lucioperca pop¬ 
ulation is largely dominated by juveniles (Mili et al. ,,2016), 
which reflects good conditions for reproduction and survival 
of young specimens. Similarly, S. glanis show rapid linear 
and somatic growths when compared with fish in their native 
area, for instance in the Volga delta (Orlova, 1988), possibly 
in relation with the abundance of nutritive resources in this 
body water (Boughedir, 2006). 

The introduction of top-predators can affect the demog¬ 
raphy of prey species, change their composition and abun¬ 
dance, ultimately leading to a loss in fish diversity (Clavero 
and Garcla-Berthou, 2005; Preisser et al., 2005). Indeed, the 
Algerian barb, Luciobarbus callensis Valenciennes, 1842, is 
now missing in the Sidi Salem reservoir (Djemali, 2005; Mili 
et al., 2016), while it was abundant before the introduction 
of S. lucioperca and S. glanis, but found to be S. lucioperca 
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Table I. - Origin and stock assessment of fish species in Sidi Salem reservoir. ++++: very large stock; +++: large stock; ++: limited stock; 
+: rare; missing data. 






Stock evaluation 



Species 

Native/ 
Non native 

Losse et al. 
(1991) 

Djemali (2005) 

Mili et al. (2016) 

Losse et al. 
(1991) 


Ponderal 

abundance 

(%) 

Instantaneous 

biomass 

(Echo-prospection) 

Numerical 

abundance 

(%) 

Ponderal 

abundance 

(%) 

Anguilla anguilla (Linnaeus, 1758) 

Native 

++ 

- 

- 

- 

- 

Aphaniusfasciatus (Valenciennes, 1821) 

Native 

+ 

- 

- 

- 

- 

Chelon ramada (Risso, 1827) and 

Mugil cephalus Linnaeus, 1758 

Native 

++ 

16 

7.7 

0.52 

5.88 

Cyprinus carpio Linnaeus, 1758 

Non native 

++ 

9 

3.9 

1.05 

6.5 

Gambusia holbrooki Girard, 1859 

Non native 

+ 

- 

- 

- 

- 

Luciobarbus callensis (Valenciennes, 1842) 

Native 

++ + 

- 

- 

- 

- 

Pseudophoxinus callensis (Guichenot, 1850) 

Native 

+ 

- 

- 

2.26 

1.42 

Sarmarutilus rubilio (Bonaparte, 1837) 

Non native 

++++ 

4 

11.5 

62.89 

47.91 

Sander lucioperca (Linnaeus, 1758) 

Non native 

Introduced 
in 1990 

44 

75 

10.80 

16.43 

Scardinius erythrophthalmus (Linnaeus, 1758) 

Non native 

+ 

24 

92.3 

22.47 

21.85 

Silurus glanis Linnaeus, 1758 

Non native 

Introduced 
in 1990 

3 

1.9 

- 

- 

Pomatoschistus marmoratus (Risso, 1810) 

Native 

++++ 

- 

- 

- 

- 


preferential fish prey at the time of its introduction (Losse 
et al., 1991) and later (Toujani, 1998). Subsequent studies 
relate the disappearance of L. callensis with the predation 
by S. lucioperca (M’Hetli, 2001; Djemali, 2005). S. lucio¬ 
perca are known to feed on cyprinid in central (Dorner et 
al., 2007) and eastern (Didenko and Gurbyk, 2016) Europe 
and in Lake Seyhan, Turkey (Ozyurt et al., 2012), but they 
feed mainly on smelt, Osmerus eperlanus (L.) (Vehanen et 
al., 1998; Keskinen and Marjomaki, 2004) and perch, Perea 
fluviatilis (L.) (Peltonen et al., 1996) in Boreal lakes, on its 
congeners in Alcantara reservoir (Spain) (Perez-Bote and 
Rosso, 2012), and on sand smelts, Atherina boyeri Risso, 
1810 in Camargue (France) (Poulet, 2004). 

By contrast, studies on the diet of S. glanis in Sidi Salem 
reservoir are scarce although it may exert a predatory pres¬ 
sure on certain species and may have contributed to the dis¬ 
appearance of L. callensis. In the single study conducted 
so far on the diet of S. glanis in the Sidi Salem reservoir, 
Boughedir (2006) reported a primarily piscivorous diet main¬ 
ly composed of cyprinid species (e.g. Sarmarutilus rubilio 
and Scardinius erythrophthalmus) , which meets the feeding 
habits known for these fishes in their natural habitat (Copp et 
al., 2009), who showed that it mainly consumes cyprinids. 
A similar diet was reported for S. lucioperca from central 
(Dorner et al., 2007) and eastern (Didenko and Gurbyk, 
2016) Europe and from Lake Seyhan, Turkey (Ozyurt et al., 
2012). In Sidi Salem reservoir, dietary studies of S. lucio¬ 
perca (Losse et al., 1991; Toujani, 1998; M’hetli, 2001) and 
S. glanis (Boughedir, 2006) have never been conducted at 


the same time, and hence it was not possible to show if their 
diets overlap or exclude each other. In this study, we investi¬ 
gate their diet in Sidi Salem reservoir according to sex, age, 
seasons and locations, to check and assess possible feeding 
overlaps between S. lucioperca and S. glanis. 

MATERIAL AND METHODS 

Study site 

The Sidi Salem reservoir is located in northwest Tuni¬ 
sia (36°35‘N; 9°23’E) and is the largest water reserve in the 
country (Fig. 1). It is built on the main watercourse of Tuni¬ 
sia, namely Mejerda, 70 km upstream from Tunis City. It con¬ 
trols a watershed of 18,250 km 2 and has an area of 4,300 ha 
and an average depth of 10 m. No significant variation in the 
physicochemical parameters (temperature, pH, dissolved 
oxygen) is reported between the upstream and downstream 
superficial waters (Ben Romdhane, 2016). Highest (up to 
29.3°C) and lowest (down to 12.4°C) water temperatures are 
recorded in August and February, respectively; the pH rang¬ 
es between 7.28 and 8.65, while dissolved oxygen concen¬ 
trations vary from 5.7 to 8.6 mg/1; water salinity oscillates 
from 0.5 g/1 to 2.1 g/1 (Ben Romdhane et al., 2014). Salinity 
variations depend on the nature and quantity of water inflow 
and evaporation intensity (Ben Romdhane et al., 2014). 

Sampling 

Fish were collected monthly during one year, from May 
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Table II. - Biometric data of Sander lucioperca and Silurus glanis 
collected from Sidi Salem reservoir. N: number. 



Total length 
and weight 

Sander lucioperca 

Silurus glanis 

Years 

N 

Average 

(Min-Max) 

N 

Average 

(Min-Max) 

1 

LT (cm) 

213 

28.26 

16-59 

48 

60.42 

20.1-106 

WT (g) 

210.37 

28.2-2000 

1874.56 

65-7640 

2 

LT (cm) 

334 

33.91 

14-83 

114 

55.51 

20.7-76 

WT (g) 

417.88 

20.4-6020 

1198.68 

2839-6100 


2011 to May 2012 in the station Sakira (SI), Oued Zargha 
(S2), and central station (S3), and from July 2012 to July 
2013 in a station located upstream (S4) (Fig. 1). Sampling 
was performed using gillnets of different mesh sizes, i.e. 
22 mm, 24 mm, 30 mm, 35 mm, 40 mm, 45 mm, 50 mm, 
60 mm, 70 mm and 80 mm. Synthetic biometric data and glo¬ 
bal size class distribution are reported in table II and figure 2. 

Individuals of S. lucioperca and S. glanis, with a total 
length > 240 mm and 665 mm, respectively, are considered 
as adults (Toujani et al., 2000; Djait et al., unpubl.). 

The distinction between males and females was done 
based on macroscopic observations of gonads in adults. 


Figure 1. - Locations of the sampling 
stations in Sidi Salem reservoir. Si: 
Downstream. S2: Oued Zargha, S3: 
Central station, S4: Upstream. 

Once the fish was collected, the stomach was immediately 
sampled and preserved in 5% buffered formalin and kept for 
further analyses in the laboratory. Macrophyte debris found 
in the gut contents of some S. lucioperca and S. glanis speci¬ 
mens were excluded from the analyses because their pres¬ 
ence is most likely accidental and related to the fact that 
these species were predating on preys occurring on plant- 
covered areas within the reservoir. 

Vacuity index and diet composition 

The vacuity index (%VI) was measured for juveniles 
and adult males and females, during each season and in 
each sampling station. The VI reflects the frequency of feed¬ 
ing and it can be calculated using the equation proposed by 
Euzen (1987), as follows: 

VI = (E s / T s ) x 100 

where E s is the number of empty stomachs and T s is the total 
number of stomachs examined. 

The qualitative analysis was undertaken through the 
identification of preys ingested to the lowest taxonomic level 
possible. As for the quantitative analysis of stomach con¬ 
tents, it included the following calculations: 

Numerical percentage (%N): %N = (n; / N t ) x 100 
where n is the total number of type of prey i and N t the total 
number of all preys. 

Occurrence percentage (%F): %F = (N e ; / N et ) x 100 
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Figure 2. - Distributions of size classes 
of sampled Sander lucioperca and Silu¬ 
rus glanis from Sidi Salem reservoir. 

N: number of individuals. 

where N e ; is the number of stomachs containing a type of 
prey i and N et the total number of full stomachs examined. 

Weight percentage (%W): %W = (W; / W tp ) x 100 
where Wi is the total weight of prey and W tp the total weight 
of all preys (Hyslop, 1980). 

The relative importance of prey taxa in each diet was 
determined using a standardised index of relative importance 
(%IRI; Cortes, 1997), which can be calculated as follows: 

%IRI = [IRI, / Z? = jIRIJ x 100 
IRIf = (%Ni + %W ; ) x %F; 

where IRI/ is the index of the relative importance of each 
prey /. 

Statistical analysis 

Differences in the percentage of empty stomachs, 
between seasons, stations, life stages and sexes were ana¬ 
lysed using the contingency chi-square test and the chi- 
square test (x 2 ) at a level of P value <0.05. Differences in 
prey compositions were analysed using Bray-Curtis dissimi¬ 
larity index (Bray-Curtis). In addition, a multivariate analy¬ 
sis of similarities (ANOSIM) was conducted in order to test 
the significance of the differences between stations, seasons, 
sexes and life stages (juveniles/adults) for each species and 
between species. ANOSIM was performed using the statisti¬ 
cal software PRIMER 6 (Clarke and Warwick, 2001). 

Feeding strategy 

The Costello graphical method (1990) modified by 
Amundsen et al. (1996) was used to determinate the impor¬ 
tance of each prey category and feeding strategy for each 
species. Frequencies of occurrence (%F) and relative prey- 
specific abundances (Pi) were calculated. Pi is defined as the 
percentage of a prey taxon from all prey items only in those 
specimens in which the actual prey really occurs (Amundsen 
et al., 1996): 

Pi = I Sj I S^x 100 


where S; is the number of stomach contents composed by 
prey i and S t ; is the total number of stomach contents con¬ 
taining prey i. 

Dietary overlap 

The Diet Overlap Index (a) was calculated using the 
prominence values of each prey according to the following 
formula, suggested by Schoener (1970): 

a = 1 - 0.5(S? = i \PV xi - PV yi \) 

where n is the number of prey items, PV xl is the prominence 
value of prey item / in species x and PV y i is the prominence 
values of prey item i in species y. According to Wallace 
(1981), the index value varies from 0 (no diet overlap) to 1 
(total diet overlap). 

The Prominence Value (PV) was calculated using Hicke- 
ley et al. (1994) formula as follow: 

PV = V%F x N% 

Niche breadth 

The niche breadth of each species was estimated follow¬ 
ing on Levin’s standardized index (Levins, 1968): 

Bi = [1 / (n - 1)] [(l/SiP 2 )-l] 
where B, is the standardized index of niche breadth, p :j is the 
proportion of diet of predator i on prey j, and n is the total 
number of items (resources). B , values vary from 0 (the spe¬ 
cies feed on a single item) to 1 (the species exploits available 
items in equal proportions). 

RESULTS 

We collected 709 fishes, including 162 S. glanis and 547 
S. lucioperca specimens. Silurus glanis was only collected 
from S2 and S3 and we did not collect large specimens as 
reported previously by Boughedir (2006) and Proteau et al. 
(2008). 
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Vacuity index 

The stomach of 296 S. lucioperca was empty (54%). 
The vacuity index did not show any difference (C = 0.08, 
P = 0.48) between the three stations sampled during the year 
2011-2012 and combined data show no difference between 
seasons (C = 0.13, P = 0.24), neither between females and 
males (x 2 = 0.21, P = 0.64), nor between juveniles and adults 
(X 2 = 3.58, P = 0.058). Due to seasonal sample size limita¬ 
tions, it was only possible to test the relationship between 
stomach emptiness and fish during the summer and no sig¬ 
nificant difference was found in stomach emptiness with age 
(X 2 = 1; P = 0.46). Considering the upstream station (S4) 
sampled along the year 2012-2013, there is no difference 
depending on season (C = 0.15; P = 0.5) or on sex (x 2 = 0.02; 
P = 0.87), but there is a significant difference depending on 
the age of the predator (x 2 = 6.25; P = 0.012). There is also a 
significant difference in the vacuity index between juveniles 
and adults during the winter (x 2 = 9.95; P = 0.00). 

The stomach of 78 S. glanis were empty on a total of 
162 specimens (48%). There is no significant differences 
neither between the stations S2 and S3 (x 2 = 1.51; P =0.46) 
nor between sampling season (C = 0.34, P = 0.08), sex 
(X 2 = 0.17, P = 0.67) and age (x 2 = 0.13, P = 0.71). In the 
upstream station (S4), there is no significant difference 
observed in relation with season (C = 0.10; P = 0.73), sex 
(X 2 = 0.02; P = 0.88) and life stage (x 2 = 3.84; P = 0.06). 

The proportions of empty stomachs do not differ sig¬ 
nificantly between S. glanis and S. lucioperca, whenever we 


take into account sampling station, sampling season, sex and 
specimen age. 

Diet composition 

The analysis of the stomach contents of S. lucioperca 
revealed the existence of three types of prey: teleost fishes, 
crustaceans and insect larvae. Fish preys were prevalent 
component in terms of abundance, occurrence and weight 
(IR1 = 98%; Tab. III). They include Sarmarutilus rubilio, 
Scardinius erythrophthalmus , S. lucioperca juveniles and 
unidentified fish remains. In most cases, it was not possi¬ 
ble to distinguish between the two cyprinids, Sarmarutilus 
rubilio and Scardinius erythrophthalmus , and hence the 
quantitative parameters were calculated for cyprinids as a 
whole (Tab. III). Crustacean preys belong to a single species, 
Atyaephyra desmaresti , and display a low IRI (IRI = 1.6%). 
The IRI index of insect larvae was found to be even lower 
(IRI = 0.5%). During 2011-2012, there is no significant 
difference in terms of station (ANOSIM %IRI: R = 0.10; 
P = 0.1), season (ANOSIM %IRI: R = 0.084; P = 0.10), sex 
(ANOSIM %IRI: R = 0.001; P = 0.28) and age (ANOSIM 
%IRI: R = 0.018; P = 0.23). Similar observations are done 
along 2012-2013 in S4. 

Only two prey categories were identified for S. glanis: 
teleost fishes and crustaceans (Tab. III). The cyprinids Sar¬ 
marutilus rubilio and Scardinius erythrophthalmus , unidenti¬ 
fied fish remains, and juveniles of S. glanis largely prevailed 
in terms of occurrence, weight and abundance (IRI = 99.9%), 
while only a few A. desmaresti was ingested (IRI = 0.1%). 


Table III. - Values of dietary indexes of several preys. %N: Numerical percentage; %W: Weight percentage; %F: Occurrence percentage; 
%IRI: Index of Relative Importance. 



Sander lucioperca 

Silurus glanis 

X 2 test 

%F 

%N 

%W 

%IRI 

%F 

%N 

%W 

%IRI 

X2 

P 

Teleost fish 

86.45 

76.96 

99.15 

98 

72.29 

96.67 

99.69 

99.9 

0.36 

0.54 

Unidentified remains of teleost fish 

60.56 

46.32 

65.43 

61.53 

50.6 

54.17 

76.81 

53.87 

0.18 

0.67 

Cyprinids ( Sarmarutilus rubilio and 

13.94 

11.03 

28.78 

3.49 

16.87 

26.67 

19.94 

7.95 

1.14 

0.28 

Scardinius erythrophthalmus) 











Sander lucioperca 

2.39 

1.72 

2.32 

0.06 

0.00 

0.00 

0.00 

0.00 



Silurus glanis 

0 

0 

0 

0 

2.41 

2.50 

0.4 

0.05 



Crustacean: Atyaephyra desmaresti 

15.94 

14.71 

0.66 

1.6 

4.82 

3.33 

0.31 

0.1 

4.78 

0.02 

Insect larvae 

8.76 

8.33 

0.19 

0.5 

0.00 

0.00 

0.00 





Table IV. - Values of average dissimilarity between Sander lucioperca and Silurus glanis. F: female; M: male 



S. lucioperca vs. S. glanis diet comparisons 

First year 

Second year 

Station 

Season 

Sex 

Station 

Season 

Sex 

Samples 

Oued 

Zargha 

station 

Central 

station 

Spring 

Winter 

Autumn 

Summer 

F 

M 

Upstream 

Autumn 

Summer 

Spring 

Winter 

F 

M 

Average 

dissimilarity 

(%) 

31.71 

18.96 

0 

6.24 

13 

38.76 

31.55 

22.34 

18.56 

11.91 

14.18 

26.48 

13.64 

12.91 

20.57 
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Figure 3. - Modified Costello graphs (plots of prey-specific abun¬ 
dance (%Pi) and frequency of occurrence (%F)) showing the feed¬ 
ing patterns of Sander lucioperca and Silurus glanis, in Sidi Salem 
reservoir. Preys of Sander lucioperca are in dark and those of Silu¬ 
rus glanis in grey. ♦: A desmarti ; ▲: Teleost Fish; ■: Insects larvae. 

The diet does not vary along 2011-2012 in relation with 
sampling station (ANOSIM %IRI: R = -0.067, P = 1), sea¬ 
son (ANOSIM %IRI: R = -0.056, P = 0.73), sex (ANOSIM 
%IRI: R = -0.057, P = 1) and life stage (ANOSIM %IRI: 
R = -0.060, P = 1). During 2012-2013, the diet of S. glanis 
in S4 does not vary neither in any aspect. 

S. glanis and S. lucioperca have the same diet with respect 
to sampling station, sampling season and sex (Tab. IV). 

Diet overlap and niche breadth 

The diets of 5. glanis and S. lucioperca show a great over¬ 
lap (a 0V eraii = 0.85) during the 2011-2012, and also in details 
along seasons (ct a utumn — 0.88, cc summel - — 0.83, ct S p r ; n g — 0.91), 
in each sampling station (a wa dizar g ha = 0,87; a midd i e = 0.8) 
and according to sex (a ma ie = 0.86; af erna ie = 0.92). The over¬ 
lap was also great in S4 during 2012-2013 (a overa n = 0.90), 
and also with respect to sex (af ema ie = 0.82; a ma i e = 0.87) 
and season (cc u t umn = 0.88, ots ummel - — 0.85, ctwinter = 0.81, 
aspring = 0.81). Levins index B, estimated for both species, 
was equal to 0. Thus, the trophic niche of these species is 
very narrow. Costello graph (Costello, 1990), modified by 
Amundsen et al. (1996), illustrates well how much teleost 
fishes are the dominant diet component, in terms of both prey 
specific abundance (% Pi) and prey occurrence frequency 
(%F) for both species (Fig. 3), while crustaceans and insect 
larvae appeared to be only consumed by few individuals. 

DISCUSSION 

This is the first study comparing the dietary habits 
of S. lucioperca and S. glanis from Sidi Salem reservoir. 
The proportion of S. glanis with an empty stomach (48%) 
is higher than previously recorded in the same reservoir 
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(VI = 25%; Boughedir, 2006), but close to that reported in 
Hirfanli reservoir in Turkey (VI = 44%; Dogan Bora and 
Gul, 2004). However, the low percentage measured previ¬ 
ously by Boughedir (2006) may be explained by the reduced 
sample size (72 specimens) and the limited temporal extant 
of the study (8 months). It has been reported that the inten¬ 
sity of food intake decreases when prey abundance and tem¬ 
perature decrease (Omarov and Popova, 1985; Wysujack 
and Mehner, 2005; Copp et al., 2009). However, in our study 
we do not notice any significant change along seasons in the 
proportion of empty stomachs in Sidi Salem reservoir; there 
seems to be no influence of water temperature on predatory 
fish diet. 

A diversified dietary spectra including nematodes, 
rodents, cestodes, scyphozoans, crustaceans, annelids, 
insects,molluscs,plants,birds, frogs, crabs, leeches and fish¬ 
es have been described in other water reservoir for S. glanis 
(Copp et al., 2009; Alp, 2017). Although previous works on 
S. glanis in Sidi Salem reservoir reported a dietary spectrum 
including also water rat, frogs and insects, alongside with 
fishes and crustaceans (Boughedir, 2006), the present work 
showed that the dietary spectrum of the same species is lim¬ 
ited to only three fish species, Sarmarutilus rubilio, Scardi- 
nius erythrophthalmus, S. glanis juveniles and the crustacean 
A. desmartii. This can be explained by the fact that the study 
of Boughedir (2006) deals with large-sized adults (maxi¬ 
mum 188 cm) compared to ours (maximum 106 cm), so that 
S. glanis becomes opportunistic in Sidi Salem reservoir at 
sizes exceeding 106 cm. However, the water rats were only 
found in the stomachs of S. glanis caught during a single 
fishing near the dam building immediately after a flood; so in 
spite of increase of the variability in the dietary spectra with 
growth, S. glanis is thought to be essentially piscivorous and 
that cyprinids are its preferential preys, while water mice and 
frogs are considered as occasional preys (Boughedir, 2006). 

The fact that Sarmarutilus rubilio and Scardinius 
erythrophthalmus are the main preys of S. glanis is to relate 
with the fact that they are the most abundant fishes in Sidi 
Salem reservoir (Mili et al., 2016). Within this context, Dje¬ 
mali (2005) reported that the environmental conditions in 
Sidi Salem reservoir are very favourable for the reproduc¬ 
tion, recruitment and growth of these forage fishes. It is 
well known that S. glanis has a limited movement pattern 
and strong site fidelity (Carol et al., 2007; Slavik and Horky, 
2009; Breve et al., 2014). This behaviour can explain why 
S. glanis dietary spectrum is dominated by the most abun¬ 
dant fish species (Omarov and Popova, 1985; Copp et al., 
2009; Alp, 2017). Similar findings were observed in Men- 
zelet Reservoir in Turkey, where S. glanis was found to feed 
mainly on Alburnus kotschyi Steindachner 1863, which is 
the most important prey (Alp, 2017). 

Regarding S. lucioperca, the VI calculated in the present 
study (54%) is close to that previously reported in the same 
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reservoir (M’Hetli, 2001: 56%). Across seasons, it does not 
vary significantly with the exception of an increase of empti¬ 
ness in adults during winter. This result was expected since 
the spawning period of S. lucioperca occurs in winter (Tou- 
jani, 1998; Toujani et al., 2000) and because S. lucioperca 
reduce their food consumption during the reproduction 
period (M’Hetli, 2001). This phenomenon was yet reported 
in Seyhan reservoir (in Turkey), where feeding intensity of 
S. lucioperca was related to the reproduction period (Ozyurt 
et al., 2012). 

Similarly to S. glanis, the diet composition of S. lucio¬ 
perca juveniles and adults is largely dominated by teleost 
fishes, and includes a few crustacean and insect larvae. This 
is in discordance with a previous study that evidenced diet 
changes between juveniles, that mainly feed on A. dersmarti, 
and strictly piscivorous adults (Toujani 1998). Similarly, 
M’Hetli (2001) reported ontogenetic shifts in S. lucioperca 
diet, with cladocers for 50 mm-long individuals, A. desmarti 
and cladocers for 50-100 mm-long individuals, insects and 
A. desmarti for 100-200 mm-long fishes and fish for individ¬ 
uals with size exceeding 200 mm. To explain the dominance 
of fish preys in the diet of juveniles in Sidi Salem reservoir 
between 2011 and 2013, we assume that this is due to the 
seeding of a very large number of mullet fries intentionally 
introduced, every year, since 2000, including about 2 mil¬ 
lion mullet fries in 2010-2011,2.38 million in 2011-2012 
and 1.09 million in 2012-2013 (Technical Centre of Aqua¬ 
culture, 2010, 2012, 2013). Among the introduced mullet 
species, Mugil cephalus Linnaeus, 1758 and Chelon ramada 
(Risso, 1827) became well-established in the Sidi Salem 
reservoir (Djemali, 2005; Mili et al., 2016). These two lat¬ 
ter species contributed to 18 and 30%, respectively, of the 
total catches of Sidi Salem reservoir between 2008 and 2013 
(DGPA, 2018). Thus, it might be possible that these intro¬ 
duced mullet fries have become among the main prey items 
of S. lucioperca juveniles along the last decades. A similar 
change in S. lucioperca diet was also recorded in Kiel Canal 
(North Germany), following the introduction of the round 
goby, Noe gob ius melanostomus (Pallas, 1814) (Hempel 
et al., 2016). In addition, we suggest that this diet shift in 
S. lucioperca juveniles from previously-preferred prey items 
to mullet fries might be also caused by a possible decline of 
insects and/or A. desmarti stocks from Sidi Salem reservoir. 
This hypothesis cannot be verified because of the lack of data 
on insect and A. desmarti stocks in Sidi Salem reservoir. 

Similarly to S. glanis, S. lucioperca was found to 
feed mainly on Sarmarutilus rubilio and Scardinius 
erythrophthalmus, which are the most abundant fish spe¬ 
cies in Sidi Salem reservoir (Mili et al., 2016). Other studies 
showed that S. lucioperca is piscivorous with a diet changing 
with food seasonal abundance (Popova and Sytina, 1977). 
Various studies reported that the dietary spectrum of S. lucio¬ 
perca can be composed of frogs, reptiles, invertebrates (e.g. 
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insects, malacostracea, clitellata and gastropod), and several 
families of fishes including cyprinids (Yilmaz and Ablak, 
2003; Balik et al., 2006; Kangur et al., 2007; Ozyurt et al., 
2012; Perez-Bote and Roso, 2012; Didenko and Gurbyk, 
2016). However, we found that the dietary spectrum of 
S. lucioperca in Sidi Salem is narrow (limited to 5 prey types 
only), which is due most likely to the low fish diversity in 
this reservoir (Mili et al., 2016). 

A very low percentage of cannibalism in both predator 
species was found in the present study. According to Camp¬ 
bell (1992) and Mihalik (1995), the probability of cannibal¬ 
ism decreases when alternative preys are very abundant. This 
low percentage is thus due to the abundance of preys (Mili et 
al., 2016) with a suitable size. 

Despite the fact that S. lucioperca is an active preda¬ 
tor (Vehanen and Lahti, 2003) while S. glanis behaviour is 
characterized by relatively few movements (Breve et al., 
2014), their diet show a significant overlap in Sidi Salem 
reservoir since they feed on the most abundant fish preys. 
Similar findings were recorded in the Kaniv reservoir in 
Ukraine (Didenko and Gurbyk, 2016). Moreover, S. glanis 
have caused the extinction of some species such as Rutilus 
aula (Bonaparte, 1841) and Tinea tinea (Linnaeus, 1758), as 
well as a decline in the abundance and biomass of Scardi- 
nus erythrophthalmus and Alburnus arborella (Bonaparte, 
1841) from the lower portion of the Po River basin (Cast- 
aldelli et al., 2013). Similarly, S. lucioperca was considered 
as the main agent behind the depletion of native fish stocks 
from several Turkish lakes (Ribeiro and Leunda, 2012) and 
of the endemic species Alburnus neretvae, 30 years after the 
first introduction of S. lucioperca in Ramski and Jablanicki 
reservoirs (Bosnia and Herzegovina, Croatia) (Pavlicevic et 
al., 2015). In the Turkish lake of Egirdir also, most native 
fish have disappeared due to S. lucioperca predation (Yerli et 
al., 2013). In Sidi Salem reservoir, the almost disappearance 
of L. callensis is currently attributed to S. lucioperca, how¬ 
ever and despite the lower abundance of S. glanis, we cannot 
exclude that this fish is also partly responsible because of the 
large overlap of the diets between these two predators. 

The findings of the present study are worth using in any 
future fishery management plans and biodiversity preserva¬ 
tion strategies that could be adopted in Sidi Salem reservoir. 
Future decisions to introduce new species should take into 
account the seeding of mullet fries and the loss of native bio¬ 
diversity from this freshwater system. 
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